We aimed to identify the main compounds responsible for low temperature-induced yellow pigmentation of the bracts of Zantedeschia aethiopica 'Wedding March'. On the basis of the area ratios estimated from absorbance at 400 nm in HPLC analyses, we identified two flavonoids, isoorientin and swertiajaponin, as such compounds. We also identified two additional flavonoids, isovitexin and swertisin, which do not contribute considerably to the yellow pigmentation. Flavonoids of Zantedeschia bracts seem to belong to the class of flavone C-glycosides.
Zantedeschia aethiopica (L.) Spreng., a calla lily, has large showy bracts used as cut flowers. As some white cultivars are often used in wedding ceremonies, whiteness is of commercial importance. 'Wedding March' is a major white cultivar of Z. aethiopica. Its exposure to low temperature during early spring cultivation sometimes leads to yellow pigmentation of the bracts (Figure 1 ), which reduces its commercial value for wedding ceremonies.
Low temperature activates the biosynthesis of flavonoids in several plant species [1, 2] . In the bracts of Zantedeschia hybrids, occurrence of flavonoids has been reported [3] . Thus, it seemed plausible that the yellow pigmentation of 'Wedding March' is a phenomenon in this category. On the other hand, it was mentioned that carotenoids were the main pigment in the yellow cultivars of Zantedeschia hybrids [3] . We preliminarily analyzed yellow pigments in the adaxial epidermis of 'Wedding March' bracts. The yellow pigments were extracted with MeOH and partitioned between n-hexane and 80% aq. MeOH. Yellow pigmentation was distributed only in the 80% aq. MeOH fraction. General carotenoids occurring in flower organs are esterified and tend to be distributed at least in part in the n-hexane fraction when partitioned with 80% aq. MeOH. We inferred that the yellow pigments were not carotenoids but higher polarity compounds, that is, flavonoids. We aimed to identify the flavonoids contributing to the yellow pigmentation of 'Wedding March' bracts.
We analyzed extracts of the yellow bracts by high-performance liquid chromatography (HPLC). Two major peaks (compounds 1 and 2) were detected, each corresponding to ca. 33% of the total area in absorbance at 400 nm, which could be used to estimate the contribution of the yellow pigmentation made by flavonoids. Two additional semi-major peaks (compounds 3 and 4) were detected with absorbance at 340 nm, which could comprehensively detect flavonoids. The chromatographic and spectral properties of compounds 1-4 are shown in Table 1 . To determine the structures of compounds 1-4, we extracted them from the yellow bracts and purified them using ODS columns and consecutive ODS-HPLC or Sephadex LH-20 columns. Absorption spectra indicated that these compounds were flavonoids of either the luteolin type (1 and 2) or the apigenin type (3 and 4) ( Table 1) . Purified compounds were further analyzed by fast atom bombardment mass spectroscopy (FABMS) and by 1 H-and 13 Cnuclear magnetic resonance (NMR). Molecular weights determined by FABMS were 448 (1), 462 (2), 432 (3), and 446 (4), indicating that the compounds are monoglycosides of luteolin (1 and 2) and apigenin (3 and 4), and that each of compounds 2 and 4 has a methyl group. As all flavonoids of bracts of Zantedeschia hybrids are flavone C-glycosides [3] , we hypothesized that 1-4 were also flavone C-glycosides. Among such compounds that have been detected in various plant families [4] , coincidence of our NMR data ( Table 2 and 3) with those published [5, 6] resulted in identification of these compounds as isoorientin (1), swertiajaponin (2), isovitexin (3), and swertisin (4) ( Figure 2 ). Doubled 1 H and 13 C NMR signals, derived from rotamers of flavone 6-C-glycoside containing a 7-Omethyl group [5] [6] [7] , were detected also in our swertiajaponin (2) and swertisin (4) preparations. Chemical shifts and coupling constants are in ppm and Hz, respectively. *Signals are doubled by the presence of rotamers. a These were substituted in reference [5] . This is the first report of the presence of isoorientin (1), swertiajaponin (2), isovitexin (3), and swertisin (4) in Z. aethiopica bracts. We identified isovitexin (3) and swertisin (4), but not isoorientin (1) or swertiajaponin (2), in the bracts of a white Z. aethiopica cultivar, 'Childsiana' (data not shown), whose white coloration is stable even if encountering low temperature. All previously identified flavonoids from Z. aethiopica bracts (7-Omethyl luteolin 6-C-xyloside, 7-O-methyl luteolin 6-C-arabinoside, and 7-O-methyl luteolin 8-C-arabinoside) are 7-O-methyl luteolin C-glycosides [3] . Flavonoids identified in this study contain apigenin-type flavones {isovitexin (3) and swertisin (4)} and flavone moieties lacking the 7-O-methyl group {isoorientin (1) and isovitexin (3)}. Flavonoids of Zantedeschia spp. seem to belong to the class of flavone C-glycosides. In the yellow bracts of 'Wedding March', we detected isoorientin (1) and swertiajaponin (2) as major yellow pigments based on the absorbance ratio at 400 nm in analytical HPLC. We conclude that isoorientin (1) and swertiajaponin (2) are responsible for the yellow pigmentation induced by low temperature, while isovitexin (3) and swertisin (4) do not considerably contribute to the yellow pigmentation. Among flavonoids, chalcones and aurones are usually responsible for yellow pigmentation [8] , and flavone-mediated yellow pigmentation seems to be rare.
Experimental
Plant materials: Zantedeschia aethiopica 'Wedding March' was grown on farms in Toyama prefecture, Japan, until February 1999. Bracts were white when the temperature was maintained at ≥15°C by heating from December 1998 (Figure 1) , with L*, a*, and b* values of 95.7, -3.1 and 16.8, respectively. Bracts became yellowish when cultivated at the lowest temperature <6°C (without heating), and their L*, a*, and b* values were 93.3, -3.6 and 25.0, respectively.
Analytical HPLC:
The crude yellow extract of 'Wedding March' was analyzed on an HP1100 system with a photodiode array detector (Agilent Technologies, USA) and an Inertsil ODS-2 column (4.6 mm × 250 mm, GL Sciences Inc., Japan) with an attached cartridge guard column (4 mm × 10 mm, GL Sciences Inc.). A linear gradient of MeCN in H 2 O (10%-30%) was run for 40 min at a flow rate of 0.6 mL/min at 40°C. Absorption spectra were monitored at 220-450 nm. 
Spectroscopy:
The FABMS were recorded in positive ion mode using 3-nitrobenzyl alcohol as a matrix. The 1 H and 13 C NMR, COSY, NOESY and COLOC spectra were recorded in DMSO-d 6 -TFA-d (9:1) on an EX-270 system (JEOL Ltd., Japan).
